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Chapter 1
Sets
1.1 Problems
1. Problem
Give a possible sample space Ω for each of the following experiments:
(a) An election decides between two candidates A and B.
(b) A two-sided coin is tossed.
(c) A student is asked for the month of the year and the day of
the week on which his/her birthday falls.
(d) A student is chosen at random from a class of ten students.
(e) You receive a grade in this course.
Having written out the sample spaces, identify which of these where
it would be appropriate to assign a discrete uniform distribution.
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2. Problem
Describe in words the events specified by the following subsets of
Ω = {HHH, HHT, HTH, HTT, THH, THT, TTH, TTT}
(a) E = {HHH,HHT,HTH,HTT}.
(b) E = {HHH,TTT}.
(c) E = {HHT,HTH,THH}.
(d) E = {HHT,HTH,HTT,THH,THT,TTH,TTT}.
Using the naive definition of probability, what is P [E]? Please enter
your answer as a decimal (3dp).
3. Prove De Morgan’s Laws
Chapter 4
Counting rules OK
4.1 Problems
1. Problem
You now wish to form a committee of 5 members of whom at least
3 must be female.
In the group (class/club) there are 25 men and 10 women.
2. Problem
You belong to a group (class, club) of 35 people. You wish to form
a committee of 5 people. How many ways can you do this?
3. Problem
To win the first prize in the old UK lottery required that you pick
6 numbers from 49. You were bidding against Camelot and wanted
to alter the winning changes. Someone suggests that you award a
jackpot if a player matches 4 numbers chosen from 52. How many
3
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different sets of numbers could you pick.
(If the jackpot rollover was very big, it might make sense to buy
every possible set of numbers, how many tickets would you have to
buy?)
4. Problem
At the time of writing this question, Angelina Jolie is married to Brad
Pitt, and they have six children, three boys, three girls. How many
ways are there of arranging them around a circular table assuming
Brad and Angelina want to sit together?
5. Problem
At the time of writing this question, Angelina Jolie is married to Brad
Pitt, and they have six children, three boys, three girls. How many
ways are there of arranging them around a circular table assuming
we have to alternate gender? Assume Brad and Angelina want to
sit with the children.
6. Problem
At the time of writing this question, Angelina Jolie is married to
Brad Pitt, and they have six children, three boys, three girls. One
boy and one girl have a birthday similar in time and both invite one
friend of the same gender round. In other words we have 6 male
friends making 9 boys to seat and 6 female friends making 9 girls
to seat. Angelina and Brad are too busy sorting out the party food,
so we only need to seat the children. How many ways are there
of seating the children assuming we decide that a boy has to sit
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opposite a girl?
(As an extension activity, what would your answer be if they had
invited one friend each?)
7. Problem
At the time of writing this question, Angelina Jolie is married to Brad
Pitt. Brad Pitt has had 14 nominations for an MTV Movie Award
(6 of which won). How many ways can Angelina made a necklace
of 7 beads from a set of 14 beads representing these nominations?
(As an extension activity, what is the probability that a randomly
made necklace of 6 beads represented the 6 MTV Movie Award
wins)
Using the counting rules in probability (naive definition)
1. Problem
A certain family has 6 children consisting of 3 boys and 3 girls. As-
suming that all birth orders are equally likely, what is the probability
that the 3 eldest children are all girls?
Chapter 1, Problems 1 to 14 of Blitzsein and Hwang give more practice at
working with counting. Problems 21 to 40 give further practice of counting
combined with the naive definition of probability.
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Chapter 5
A non-naive definition
of probability
5.1 Problems
1. Problem
You are first asked the state the three axioms of probability. Then
you are asked to draw a Venn diagram showing to partly overlapping
sets A and B. Finally, you are asked to derive the addition rule
from the three axioms of probability. You attempt to do this from
memory rather than from first principles and make a mistake. Thus
your derivation doesn’t make sense. Can you correct the mistake?
(a) Breaking B into mutually exclusive sets B = (A∩B)∪(AC∩B)
(b) So P (B) = P (A ∩B) + P (AC ∩B)
(c) Rearranging gives P (A ∩BC) = P (B)− P (A ∩B)
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(d) As mutually exclusive sets we want A ∪B = A ∪ (A ∩BC)
(e) So P (A ∪B) = P (A) + P (AC ∩B)
(f) Substituting from above P (A∪B) = P (A)+P (B)−P (A∩B)
2. Problem
Let A and B be events such that
• p(A ∩B) = 1
14
• p(AC) = 11
14
• p(B) = 3
14
What is p(A ∪B)? For the computer, please give your answer as a
decimal (3dp)
(Not for the computer, can you illustrate these results with a Venn
Diagram)
3. Problem
A die is loaded in such a way that the probability of each face turning
up is proportional to the number of dots on that face. (For example,
a six is three times as probable as a two.) What is the probability
of getting an even number in one throw?
4. Problem
A student must choose one subject as an elective from the follow-
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ing list: Computational Econometrics (C), Quantum Physics (P),
Survey Methods (S).
If he/she is equally likely to choose C and P, but twice as likely to
choose S, what is the probability she chooses to study Quantum
Physics?
5. Problem
Let Ω = {a, b, c} be a sample space, where a, b, c are mutually ex-
clusive. Assign a probability mass to each of these events as follows:
p(a) = 1/2, p(b) = 1/3, and p(c) = 1/6. Find the probabilities for
all eight subsets of Ω.
For the computer, please just enter P (A ∪B) as a decimal (3dp)
6. Problem
(from vos Savant1) A reader of Marilyn vos Savant’s column wrote
in with the following question:
My dad heard this story on the radio. At Duke University,
two students had received A’s in chemistry all semester.
But on the night before the final exam, they were partying
in another state and didn’t get back to Duke until it was
over. Their excuse to the professor was that they had a
flat tire, and they asked if they could take a make-up test.
The professor agreed, wrote out a test and sent the two
to separate rooms to take it. The first question (on one
side of the paper) was worth 5 points, and they answered
1M. vos Savant, Parade Magazine, 3 March 1996, p. 14.
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it easily. Then they flipped the paper over and found the
second question, worth 95 points: ‘Which tire was it?’
What was the probability that both students would say
the same thing? My dad and I think it’s 1 in 16. Is that
right?”
What do you think the probability should be?
7. Problem
The following question was asked of a class of students. “I was
driving to school today, and one of my tires went flat. Which tire do
you think it was?” The responses were as follows: right front, 7.2%,
left front, 55.8%, right rear, 27.8%, left rear, 9.2%. Suppose that
this distribution holds in the general population, and assume that
the two test-takers are randomly chosen from the general population.
What is the probability that they will give the same answer to the
second question?
Problems 41 to 46 in Blitzstein and Hwang give further practice. Then
problems 54 to 60 consolidate all aspects of the introductory parts of this
module.
Chapter 6
Conditional Probability
6.1 Problems
1. Problem
Consider three urns filled with coloured balls. The contents of these
three urns are as follows:
• Urn 1 has 3 red ball(s), 7 black ball(s) and 1 white ball(s).
• Urn 2 has 5 red ball(s), 7 black ball(s) and 3 white ball(s).
• Urn 3 has 2 red ball(s), 3 black ball(s) and 3 white ball(s).
If I simply had 10 red balls in an urn of 34 I would have a probability
of picking a red ball equal to 0.2941. However we need to consider
the situation that the balls are in three separate urns. First an urn
is chosen at random and then a single ball is chosen. What is the
probability that it a ball selected in this way is red? Assume that the
11
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probability of selecting any of the three urns is equally likely (i.e.
1
3
)
2. Problem
The following is the ONS lifetables for 2010-2012 for the UK, taken
from www.ons.gov.uk/ons/rel/lifetables/national-life-tables/
2010---2012/stb-uk-2010-2012.html.
If A is the event that you are a Female baby (0 years old) and B is
the event that you survive to 60 years old, what is P (B|A)?
Males Female
0 100000 100000
1 99528 99622
2 99495 99592
3 99476 99579
4 99463 99567
5 99452 99558
6 99442 99548
7 99432 99540
8 99424 99533
9 99414 99525
10 99404 99519
11 99394 99512
12 99385 99505
13 99374 99496
14 99364 99488
15 99352 99478
16 99336 99465
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Males Female
17 99314 99451
18 99278 99432
19 99230 99413
20 99183 99391
21 99131 99370
22 99076 99349
23 99021 99329
24 98963 99304
25 98908 99280
26 98848 99254
27 98788 99227
28 98726 99195
29 98657 99161
30 98582 99129
31 98502 99091
32 98422 99051
33 98339 99007
34 98250 98959
35 98152 98906
36 98050 98848
37 97940 98788
38 97820 98720
39 97690 98644
40 97549 98566
41 97395 98478
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Males Female
42 97237 98379
43 97066 98273
44 96882 98159
45 96673 98034
46 96454 97897
47 96228 97746
48 95988 97588
49 95726 97414
50 95446 97218
51 95142 97006
52 94807 96767
53 94433 96504
54 94027 96221
55 93589 95913
56 93099 95583
57 92553 95219
58 91975 94822
59 91342 94396
60 90665 93921
61 89918 93410
62 89112 92856
63 88238 92265
64 87314 91638
65 86312 90954
66 85239 90214
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Males Female
67 84029 89384
68 82731 88482
69 81348 87517
70 79805 86442
71 78105 85240
72 76268 83964
73 74308 82545
74 72238 81031
75 69988 79364
76 67606 77554
77 65039 75559
78 62307 73366
79 59379 70965
80 56312 68353
81 53042 65509
82 49559 62426
83 45915 59112
84 42163 55519
85 38304 51716
86 34402 47755
87 30514 43621
88 26658 39437
89 22963 35171
90 19357 30892
91 16078 26591
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Males Female
92 13120 22585
93 10530 18808
94 8269 15438
95 6300 12307
96 4666 9550
97 3345 7206
98 2328 5310
99 1574 3809
100 1035 2645
3. Problem
Please use the life table given in the previous question.
If A is the event that you are a Male of 24 years old and B is the
event that you survive to 61 years old, what is P (B|A)?
4. Problem
Please use the life table given in the question before.
If A is the event that you are a Male of 23 years old and B is the
event that you survive to 56 years old, what is P (B|A)?
5. Problem
You are asked in an exam to derive Bayes rule from the definition of
conditional probability. On paper you would first state the definition.
Then you manipulate the formula to give an alternative expression
for conditional probability. However, an error has been made below
6.1. PROBLEMS 17
- which line is wrong?
(a) Stating the definition of conditional probability P (B|A) =
P (A ∩B)/P (B)
(b) Rearranging P (B|A)P (A) = P (A ∩B)
(c) Also stating the definition of conditional probability P (A|B) =
P (A ∩B)/P (B)
(d) And rearranging P (A|B)P (B) = P (A ∩B)
(e) So P (A|B)P (B) = P (B|A)P (A)
(f) Divide both sides to get P (A|B) = {P (B|A)P (A)}/P (B)
6. Problem
Professor Bonzo, Professor Fonzo and Professor Gonzo administer
a common exam to their classes. Their classes contain 52, 45 and
106 students respectively. Suppose that 29 of the students in the
first class (Bonzo), 39 students in the second class (Fonzo) and 5
students in the third class (Gonzo) pass the exam.
If a student who has passed the exam is chosen at random, what is
the probability that the student is in the first class (Bonzo)
7. Problem
60% of new drivers in a particular country have had additional driv-
ing education. During their first year of driving, new drivers who
have not had additional driving education have a probability of 0.12
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of having an accident, while new drivers who have had additional
driving instruction have a probabililty 0.03 of having an accident.
Calculate the probability that a new driver does not have an accident
during their first year of driving. Be prepared to show full workings.
8. Problem
Now we have that 40% of new drivers in a particular country have
had additional driving education. During their first year of driving,
new drivers who have not had additional driving education have a
probability of 0.12 of having an accident, while new drivers who have
had additional driving instruction have a probabililty 0.01 of having
an accident.
Calculate the probability that a new driver has had additional driving
eduction, given that the driver had no accidents in the first year.
9. Problem
Consider three urns filled with coloured balls. The contents of these
three urns are as follows:
• Urn 1 has 1 green ball(s), 7 blue ball(s) and 5 white ball(s).
• Urn 2 has 4 green ball(s), 3 blue ball(s) and 8 white ball(s).
• Urn 3 has 1 green ball(s), 4 blue ball(s) and 2 white ball(s).
If the only information you have is that a green ball was chosen, what
is the probability that we had selected selected this ball from urn 1?
(As an extension you can check you can work out the corresponding
probabilities for urn 2 and urn 3)?
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Any of the 65 problems at the end of chapter 2 in Blitzstein and Hwang
will give you great practice to make sure you understand this topic.
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Chapter 7
Discrete Probability
Functions
7.1 Problems
Have a look at any of the problems from 1 to 14 of Blitzstein and Hwang
Chapter 3
21
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Chapter 8
Expectation
8.1 Problems
1. Problem
You may in an exam be asked to find V ar(X) as a function of E(X)
and E(X2). You may also be asked to explain why this result is a
special case of Jensen’s inequality.
As before, someone has tried to remember this using rote learning,
and made a mistake writing it out. Which line below has an error?
(a) Stating the definition: V ar(X) = E[(X − E[X])2]
(b) Multiplying out the quadratic: V ar(X) = E[X2− 2XE[X] +
E[X]2]
(c) Using linearity of expectations (and expectations of expecta-
tions) V ar(X) = E[X2]− 2E[X2] + E[X]2
(d) Tidying V ar(X) = E[X2]− E[X]2
23
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2. Problem
You have a six sided die (1,2,. . . ,6) that has been configured such
that the probability of getting a number is proportional to that num-
ber.
Someone proposes a game in which you gain as many pounds as are
shown if the number which appears is odd, and lose as many pounds
otherwise. What is the expected value of this game (for a written
exam you might be asked whether it would be a good idea to play
the game)
3. Problem
James Bond is a prisoner in a cell. There are four possible routes of
escape:
• Air conditioning duct (this leads to a 4 hour trip when he falls
through a trap door on his head, to the huge enjoyment of his
captors)
• Sewer Pipe (a 4 hour trip before he falls through a trap door
again to the amusement of his captors)
• Chimney (a 4 hour trip before he falls through a trap door
again to the amusement of his captors)
• The door (which actually isn’t locked, i.e. it takes zero time
to escape)
Assume he picks either of the four routes with equal probability. Fur-
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ther assume each time he has a fall he gets amnesia and forgets how
he tried to get out last time and is put back in his cell immediately.
What is the expected value of the time taken for James Bond to
realise the door is unlocked?
4. Problem
(You may prefer to revisit this question after we have studied the
Poisson distribution in the next chapter)
A small car dealer is negotiating with a manufacturer. They have
space for up to five new cars on their forecourt. Each car they store
on this forecourt will cost them £ 150 for a month in display charges.
The gross commission for the total sales made in a given month has
been agreed as:
0 Cars £ 0
1 Car £460
2 Cars £ 1200
3 Cars £1900
4 Cars £ 1900
5 Cars £ 1900
In other words, if they display and sell 5 cars they have to pay £ 700
in display charges but they stand to receive £ 1900 commission. As
a result they make £ 1200 profit.
The car dealer believes they can model demand for sales each month
as a Poisson random variable, where λ = 1.5
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What is the expected net income if they adopt a policy of displaying
3 cars on their forecourt?
Hint 1: Just expand
E[g(X)] =
5∑
k=0
g(k)f(k)
where g(k) is the function for the profit made given k cars sold and
p(k) is the probability that k i.e. P (X = k) cars were sold.
Hint 2: The formula for the p.m.f. p(k) for the demand probability
is given by
P (X = k) =
λke−λ
k!
,
and can be computed in R using dpois(x,lambda). The CDF, i.e.
P (X ≤ k) or p(k) is given by ppois(x,lambda). Note that if the
demand for sales is five or more, you sell five cars.
Pick any problems from 1 to 16 from Chapter 4 of Blitzstein and Hwang
to make sure you have mastered this topic.
Chapter 9
Celebrity discrete
probability distributions
9.1 Problems
1. Problem
People with a chronic condition (such as Asthma) sometimes have
acute attacks and must be admitted to hospital to have their symp-
toms brought under control. A single hospital visit may be insuffi-
cient to do this. Consider that the probability of getting sympton
control from a hospital visit in any given episode is 0.86. Find the
probability that our randomly selected patient will have their symp-
tons under control after 2 visits.
For a written exam you will be asked to discuss whether your chosen
probability model is realistic for such a problem.
27
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2. Problem
You are making a batch of 1300 chocolate chip cookies. You put
900 chocolate chips into your cookie mix. You randomly select one
for yourself and give the remainder to your friends. What is the
probability that you have 3 chocolate chips in your cookie?
3. Problem
You are told that the number of road accidents in a given area can
be modelled as a Poisson distribution with parameter λ = 6.07. You
are asked to find P (X > 5).
For a written question you might be asked to find an expression for
P [X = (k+1)] in terms of P [X = k] and use this in your workings.
4. Problem
A major recent survey has suggested that the average student house
requires 1.76 repairs during any given year. What is the probability
that your house requires no repairs?
5. Problem
Consider a geographical area with a population of 2,500. You are
concerned that 250 of them may have Global Acute Malnutrition
(GAM). You have data from a sample of 30 individuals, none of
whom has symptons of Global Acute Malnutrition (GAM). If 10%
of the population (i.e. 250 people) had Global Acute Malnutition,
what is the probability you get no people with GAM in your sample.
A colleague suggests that you use the Hypergeometic distribution
where
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P (X = k) =
(
M
k
)(
N−M
n−k
)(
N
n
)
and you have X as the number of people in your sample with GAM,
N is the number of people in the population, M is the number of
people in the population with GAM and n is the size of your sample.
Hint. Unless you have a very nice calculator, it might not cope with
the large factorials. R on the other hand has a log factorial function.
If you type lchoose(2250,30) in the console it will give you the
log of the value of
(
2250
30
)
.
6. Problem
Consider a geographical area with a population of 2,500. You are
concerned that 250 of them may have Global Acute Malnutrition
(GAM). You have data from a sample of 30 individuals, none of
whom has symptons of Global Acute Malnutrition (GAM). If 10%
of the population (i.e. 250 people) had Global Acute Malnutition,
what is the probability you get no people with GAM in your sample.
Another colleague suggests that you use the Binomial distribution
where
P (X = k) =
(
n
k
)
pk(1− p)n−k
and you have X as the number of people in your sample with GAM,
n is the size of your sample and p is the probability that a person
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has GAM, i.e. 0.1
On a written exam, you might be asked to give a careful statement
as to the difference between the Hypergeometric and the Binomial,
and the circumstances under which either is appropriate.
7. Problem
A 8 sided die is rolled X times until the number 8 is observed. In
other words X is the number of rolls where 8 was not seen before
the game is stopped.
What is P (T > 5)?
8. Problem
In a class of 30 students, every week Professor Bonzo calls one
student out at random and asks them to prove a theorem. In a term
of 16 weeks, what is the probability that a given student is asked to
prove 3 theorem(s).
9. Problem
The so-called Logarithmic random variable has a probability mass
function (p.m.f.) given as follows:
fX(k) = c
pk
k
Where 0 < p < 1 and X = 1, 2, . . .
Find c
(a) c =
−1
log(1− p)
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(b) c = 1
(c) c =
1
log(1− p)
(d)
−1
log(p)
Caution: For an exam question you could also be asked to SKETCH
the c.d.f. (or the p.m.f.)
10. Problem
The so-called Logarithmic random variable has a probability mass
function (p.m.f.) given as follows:
fX(k) = c
pk
k
Where 0 < p < 1 and X = 1, 2, . . .
Find E[X]
(a) cp
(b) p
(c)
cp
1− p
(d)
pk¯
k¯
11. Problem
The so-called Logarithmic random variable has a probability mass
function (p.m.f.) given as follows:
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fX(k) = c
pk
k
Where 0 < p < 1 and X = 1, 2, . . .
Find V ar(X)
(a)
cp− cp2)
(1− p)2
(b)
cp(1− cp)
(1− p)2
(c)
cp
(1− p)2
(d)
c2p2
(1− p)2
12. Problem
The so-called Logarithmic random variable has a probability mass
function (p.m.f.) given as follows:
fX(k) =
−1
log(1− p)
pk
k
Where 0 < p < 1 and X = 1, 2, . . .
Consider a Logarthmic random variable where p = 0.82.
Find P (X > 5)
For further practice pick any problems from 15 to 37, 45 to 47 (chapter 3)
and 17 to 29, 56 to 67, 73 to 83 (chapter 4) in Blitzstein and Hwang. The
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exam doesn’t necessarily have to concentrate on Celebrity Distributions
that we have studied in detail in class. You need to know how to verify a
function is a valid PMF and find it’s expectation and variance.
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Chapter 10
Continuous Probability
Functions
10.1 Problems
1. Problem
The statement P (X ≤ x) is a c.d.f. is true for a for a discrete ran-
dom variable because this is the probability that a random variable
X is less than or equal to a realisation x.
(a) The statement is true and the assertion is true and the con-
nection between them is valid.
(b) The statement is true and the assertion is true but there is no
valid connection between them
(c) The statement is true but the assertion is false
35
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(d) The statement is false but the assertion is true
(e) Both the statement and the assertion are false
2. Problem
For a continuous random variable 4 < X < 8 a colleague suggests
that f(x) =
1
k
x2 would make a sensible probability density function.
Find the value of k.
3. Problem
For a continuous random variable 3 < X < 7 a colleague suggests
that f(x) =
1
3312.8
x4 would make a sensible probability density
function. Find the value of F (5.73)
4. Problem
Assume Z ∼ N(0, 1). Find P (a < Z < b) where a = −1.42 and
b = 1.32.
You are given a table of values of 1 − Φ(z) where Φ denotes the
cumulative distribution function of a Normal(0,1) random variate.
More mathematically the table is giving us the value of:
Φ(t) = 1−
∫ t
−∞
1√
2pi
e−
z2
2 dx
for different values of t.
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0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0 0.500 0.496 0.492 0.488 0.484 0.480 0.476 0.472 0.468 0.464
0.1 0.460 0.456 0.452 0.448 0.444 0.440 0.436 0.433 0.429 0.425
0.2 0.421 0.417 0.413 0.409 0.405 0.401 0.397 0.394 0.390 0.386
0.3 0.382 0.378 0.374 0.371 0.367 0.363 0.359 0.356 0.352 0.348
0.4 0.345 0.341 0.337 0.334 0.330 0.326 0.323 0.319 0.316 0.312
0.5 0.309 0.305 0.302 0.298 0.295 0.291 0.288 0.284 0.281 0.278
0.6 0.274 0.271 0.268 0.264 0.261 0.258 0.255 0.251 0.248 0.245
0.7 0.242 0.239 0.236 0.233 0.230 0.227 0.224 0.221 0.218 0.215
0.8 0.212 0.209 0.206 0.203 0.200 0.198 0.195 0.192 0.189 0.187
0.9 0.184 0.181 0.179 0.176 0.174 0.171 0.169 0.166 0.164 0.161
1 0.159 0.156 0.154 0.152 0.149 0.147 0.145 0.142 0.140 0.138
1.1 0.136 0.133 0.131 0.129 0.127 0.125 0.123 0.121 0.119 0.117
1.2 0.115 0.113 0.111 0.109 0.107 0.106 0.104 0.102 0.100 0.099
1.3 0.097 0.095 0.093 0.092 0.090 0.089 0.087 0.085 0.084 0.082
1.4 0.081 0.079 0.078 0.076 0.075 0.074 0.072 0.071 0.069 0.068
1.5 0.067 0.066 0.064 0.063 0.062 0.061 0.059 0.058 0.057 0.056
1.6 0.055 0.054 0.053 0.052 0.051 0.049 0.048 0.047 0.046 0.046
1.7 0.045 0.044 0.043 0.042 0.041 0.040 0.039 0.038 0.038 0.037
1.8 0.036 0.035 0.034 0.034 0.033 0.032 0.031 0.031 0.030 0.029
1.9 0.029 0.028 0.027 0.027 0.026 0.026 0.025 0.024 0.024 0.023
2 0.023 0.022 0.022 0.021 0.021 0.020 0.020 0.019 0.019 0.018
2.1 0.018 0.017 0.017 0.017 0.016 0.016 0.015 0.015 0.015 0.014
2.2 0.014 0.014 0.013 0.013 0.013 0.012 0.012 0.012 0.011 0.011
Table 10.1: Table of 1 - F(z) for standard Normal
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5. Problem
Assume X ∼ N(4.9, 4.43). Find P (a < X < b) where a = 3.2 and
b = 6.1.
Hint. You need to shift and scale X to give you a standard Normal
variate and use the tables in the previous question.
Big important hint. We say X ∼ N(µ, σ2) so 4.43 is the variance,
i.e. σ2. Shifting and scaling works in terms of σ!!
6. Problem
Assume that a coffee vending machine dispenses amounts of coffee
which vary a little (this part of the problem is easy to believe). Now
assume that the amount of coffee dispensed (in fluid ounces) can
be modelled as a random variable with mean 9.8 and variance 1.46
(this part of the problem is much harder to believe).
If the coffee cups have a capacity of 12 fluid ounces, find the proba-
bility that a randomly selected visit to the vending machine will yield
an overflowing cup.
Hint 1. This is similar to the previous problem but with a few more
words thrown in.
Hint 2. Although we want to find P(X ¿ b)
7. Problem
For the exponential distribution which has pdf given by:
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f(x) = λe−λx
you could be asked to show that the c.d.f. is given by
1− eλx
Next assume that X ∼ Exp(λ) where λ = 0.36. Using no more
than this expression for the cdf, show you workings carefully and
find P (0.56 < X < 1.5).
8. Problem
This problem concerns customers in a coffee shop. In this coffee
shop you sit down and wait for someone to serve you at your table.
You are asked to assume that we can model the waiting times (times
between arriving and getting served) as an Exponential(λ) random
variable. Assume that waiting times X have expected value E[X] =
12 minutes.
It is now 12:26. Under which scenario do you get served the soonest?
For a written exam question you might be asked to give a proof of
your answer.
(a) The last customer before you arrived at 12:16
(b) The last customer before you arrived at 12:06
(c) The last customer before you arrived at 12:11
(d) The last customer before you arrived at 12:08
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(e) It doesn’t make any difference when previous customer arrived
9. Problem
We consider the exponential distribution with pdf given by:
f(x) = λe−λx.
On a written paper you could be asked to find the quantile function,
i.e. find x such that
P (X ≤ x) = p
for a given value of p.
Hint, (a) we did this in last week’s lecture and (b) in last week’s
problem sheet you were asked to show that
P (X ≤ x) =
∫ x
0
λe−λtdt = 1− e−λx
so you just need to solve this for x.
The next question (which you can answer in a computer) you are
to assume that X ∼ Exp(λ) where λ = 0.18. If p = 0.75 then you
should find x such that
P (X ≤ x) = 0.75
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10. Problem
Consider X ∼ Beta(a, b) with a=4 and b=1. Find the 0.5 quantile
of X, i.e. find x such that
P (X ≤ x) = 0.5.
11. Problem
The Pareto distribution has p.d.f.
fX(x) =
a
xa+1
for x ≥ 1 and a >)
Find P (1.1 < X < 3.5)
Hint 1. You could find FX(x)
Hint 2. You can then find P (1.1 < X < 3.5) = F (3.5)− F (1.1)
12. Problem
The Pareto distribution has p.d.f.
fX(x) =
a
xa+1
for x ≥ 1 and a >)
Find the 0.8th quantile of the Pareto distribution.
Hint. You are trying to find q where
∫ q
0
a
xa+1
dx = 0.8
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13. Problem
The Rayleigh distribution has p.d.f.
fX(x) = xe
x2/2
for X > 0.
Find P (0.7 < X < 2.8)
Hint 1. You could find FX(x)
Hint 2. You can then find P (0.7 < X < 2.8) = F (2.8)− F (0.7)
14. Problem
The Rayleigh distribution has p.d.f.
fX(x) = xe
x2/2
for x > 0
Find the 0.5th quantile of the Raleigh distribution.
Hint. You are trying to find q where
∫ q
0
xe−x
2/2dx = 0.5
For further practice pick any problems from 1 to 61 (chapter 5) in Blitzstein
and Hwang. The exam doesn’t necessarily have to concentrate on Celebrity
Distributions that we have studied in detail in class. You need to know how
to verify a function is a valid PDF and find it’s expectation and variance.
